INTRODUCTION
The new ISOL requirements for the ongoing and future projects like SPES [1] imposes the evolution of Target Ion Source (TIS) systems, in particular of 1+ ion sources. In an ISOL facility, nuclear reaction products are released from the target material and diffuse into the ion source passing through a transfer line. Then the target and the ion source constitute a radioactive ion production unit (the TIS system) specifically optimized for a particular group of elements. In the field of radioactive ion beams, the main features of an ion source to be taken into account are the ionization efficiency, the selectivity and the optical beam quality. Since about one year an off-line front-end device has been working [2] at Legnaro National Laboratories (LNL): its main task is to measure the performance of the SPES ion sources in terms of ionization efficiency and transversal emittance. In this paper some preliminary measurements of the aforementioned performance parameters are presented for both the SPES Surface Ion Source (SSIS) [3] and the SPES Plasma Ion Source (SPIS) [4] .
THE EXPERIMENTAL APPARATUS
With the aim to characterize both SSIS and SPIS, a dedicated test bench delivering stable ion beams has been manufactured at LNL [2] . It is composed of three functional subsystems: the ion source complex, the beam optics subsystem and the diagnostic subsystem. In the first one, 25 kV of potential difference between the ion source and the extraction electrode allows the ion beam generation. The aforementioned ion sources and the main accessories needed for their functioning and testing are shown in figure  1 . During the tests, both ion sources were accurately positioned inside a vacuum chamber able to guarantee pressure levels between 10 -5 and 10 -6 mbar. The SSIS is able to produce efficiently +1 ions for the elements with ionization potential smaller than 7 eV, mainly for the alkali and the alkaline earth metals (such as Rb, Cs, Sr, Ba). Efficiency values higher than 50% can be reached with this device. The SSIS is at present similar to the ISOLDE/CERN MK1 surface ion source. It is composed of a W tubular ionizing cavity (length, external diameter and internal diameter equal to 34, 5 and 3.1 mm, respectively) connected on one side to a Ta support and on the other one to the Ta transfer line [3] . The oven device represented in figure 1 is constituted by a 250 mm long Ta tube, with external and internal diameters of 2 and 1 mm, respectively; at one end a calibrated solution of the requested element is placed and hermetically sealed in, whereas the other end is connected to the transfer line and thus to the ion source. During operation the SSIS and the transfer line are resistively heated at temperature levels close to 2000 °C. An independent power supply heats in a similar way the oven, allowing the atoms of interest (introduced with the calibrated solution) to effuse towards the ion source. The SPIS [5] is the second source tested at the LNL test bench. It is a particular version of the ISOLDE/CERN MK5 source [4] , a non selective device able to ionize a large spectra of elements, in particular noble gases. The main differences of the SPIS with respect to the MK5 source are the following: the discharge chamber and the anode cylinder are made of Tantalum instead of Molybdenum, and the anode is electrically insulated thanks to three small cylinders made of Al 2 O 3 , avoiding the usage of BeO 2 . In addition the SPIS is not thermally insulated by external Molybdenum screens and the parts composing the cathode are connected by TIG welding instead of electron beam welding. A Ta wire connects the anode to the power supply used to increase its electrical potential with respect to the rest of the source. The Ar beams provided for the preliminary study of the SPIS were produced thanks to a constant and regular Ar gas flow. It enters the vacuum chamber by means of a calibrated leak and then flows through a thin Ta tube in the direction of the Ta transfer line.
IONIZATION EFFICIENCY
The test bench described in the previous paragraph is still under development. In particular, the mass separator is not yet installed and it is not possible, at present, to select a particular mass and an ion charge state. In this context accurate ionization efficiency measurements cannot be performed. Waiting for more detailed sets of measurements to be performed in the next future, some preliminary ionization efficiency estimations were done for Cs using the SSIS. Taking advantage of SSIS's selectivity and capability to produce exclusively singly charged ions, beam contaminants could be reduced to negligible quantities and the beam current monitored by the Faraday cup could be rapidly converted into an ion flux. The ionization efficiency for Cs was measured using calibrated Cs samples housed inside the oven (see figure 1) . To perform this kind of measurement, the SSIS's temperature was rapidly increased up to 2100 °C. Then the oven was heated, allowing the Cs sample to vaporize, while the ion current was continuously recorded until the sample completely evaporated out of the source. The ionization efficiency was calculated as the ratio of the integrated number of detected ions to the total number of atoms in the calibrated sample. Some background tests (performed by installing the oven without Cs sample and by integrating the ion current) showed that contaminants can be considered negligible. An ionization efficiency value of about 51% was obtained, by far lower than the theoretical value of 95% calculated using the well known Saha-Langmuir equation. This discrepancy (reported in other similar works [6] ) seems to be strictly linked to the high volatility of Cs. In fact a considerable fraction of the Cs atoms could be lost during the positioning of the sample inside the oven and during the heating procedure, before the tungsten cavity is hot enough to ionize the atoms. During the tests the ion beam current was always kept between 1 and 3 A. The extraction voltage (V extraction ) was fixed at 25 kV. More precise ionization efficiency measurements (using the new Wien filter) for both SSIS and SPIS, will be performed in the next future.
EMITTANCE MEASUREMENTS
Emittance measurements for the SSIS and the SPIS were performed following the same approach proposed in [2] . In particular, the root-mean-square (RMS) emittance for both SSIS and SPIS was monitored by varying the extraction electrode position. Results are reported in figures 2 and 3. For both ion sources the minimum RMS emittance value was detected at about 75 mm of distance between the extraction electrode and the source extraction hole. The aforementioned results confirm data reported in [2] and [7] . During the SSIS emittance measurements a Cs beam of intensities between 350 nA and 400 nA was provided. A current of 360 A was set to heat the transfer line and the ion source. For the SPIS emittance tests a 1 A Ar beam was kept stable for all the measurement time. The cathode current and the anode voltage (V anode ) were set to 330 A and 150 V, respectively. A current of 5 A was adopted to feed the anode magnet. For all the emittance measurements V extraction was fixed at 25 kV. 
